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Introduction
This paper focuses on gender inequalities in access to markets and in control over resources for agrarian production in rural Mozambique. To this purpose, we analyse contract farming arrangements, both with respect to gender-based inequalities in the access to them, and with respect to their impact on women's empowerment. Contract farming arrangements are contracts whereby producers commit to provide a pre-defined quantity of crop to a firm that buys it at an agreed price; according to the types of contract, firms may provide inputs and technical assistance to the producers. They have been considered in the last ten years as a way in which agribusiness systems could benefit smallholders (WB, 2007) , and the Mozambican PEDSA -Plano Estratégico Para o Desenvolvimento do Sector Agrário (RoM, 2011) -considers them as tools to market integration and to push a switch from subsistence production to commercial farming.
Addressing gender-based inequalities in Mozambican rural contexts is particularly relevant since there is abundant evidence that rural women play an important role in production, but have little control over resources (Morgado and Salvucci, 2016; Arndt et al, 2011) . This work attempts to address the issue in both an intra-households' and between-households' perspective. Concerning the latter, we adopt a quite consolidated approach, that is to compare female-headed households and male-headed households. There is a significant proportion of households with a woman as household head in rural Mozambique: in 2005 they were about 25 per cent, but this share may have increased in the last decade (Morgado and Salvucci, 2016) . We analyse whether we find a systematic difference in access to contracts between these and male-headed households. With reference to intra-households dynamics, the impact of being in a contract farming arrangement is analysed with respect to a number of indicators capturing access of women to productive assets and agrarian services. Methodologically, the main issue to address in order to analyse the consequences of being in such agreements, is the effect of selection into contracts. We cannot claim that the evidence of a correlation means a causal effect, because households that enter into contracts plausibly differ significantly from households that do not.
Both Mozambican and international policy documents identify a women empowerment potential in contract farming agreements. The PEDSA (RoM, 2011) makes reference to the Gender Strategy of the Agricultural Sector (2005) , which has the strategic objective of 'establishing partnerships between the public and private sectors to increase investment in support to small farmers and women in particular, sharing the costs and risks of assistance in adopting new technologies and new cash crops through programs aimed at food security and poverty reduction ' (RoM 2005: 20) .
In the first section we identify the possible mechanisms at work through a brief literature review. Section 2 provides some background elements on rural Mozambique, describes the data used and presents descriptive statistics. Section 3 and 4 develop the two main analyses of the paper: gender inequalities across-households in access to contract farming, and gender inequalities withinhouseholds, i.e. the impact of entering into contract farming on women empowerment measures. In section 5 we discuss the results and section 6 concludes.
The possible contrasting effects at work
The effect of increased commercial agriculture -of which contract farming is a possible tool-on gender inequalities is debated in both scholar and policy literature. The two main mechanisms that can be at work are, on the one hand, the increased income and thus the relaxed budget constraint on the household, and, on the other hand, the shift of control over resources and income towards men.
In the debate around the need to 'close the gender gap' in agriculture (FAO, 2011) , it is highlighted that value chain development can have a positive impact on rural women empowerment if the private sector invests in value chains that can integrate women, and if governments 'create a good investment climate through strengthening property rights' as well as customary land right (Hill, 2011) .
At the same time, the literature analysing the impact of the shift toward commercial production stresses the risks of reducing output controlled by women and of marginalization of their labour. Women may face greater constraints in accessing profitable markets, since men might take over crops from them as they become profitable (e.g. Njuki et al. 2011) . Some authors have argued that increased incentives to turn to cash crops have raised women's workload (Evers and Walters, 2001) and cash income controlled by men (Warner and Campbell, 2000) . Darity (1995) proposes a twosector model with men maximizing income on the cash crop sector and women working both in the cash crop and in the subsistence sector; an increase in prices implies that women are requested to put extra-time in the cash crop sector, under the assumption that the time devoted to reproductive work doesn't decrease. Evers and Walters (2001) introduce a bargaining framework and Warner and Campbell (2000) a duopoly model: both papers rely on the fact that cash income is appropriated by men rather than women and therefore that an increase in cash crop production compared to food-based crops may result in an increased bargaining power of men within households.
These observations may apply to contract farming too. The literature on contract farming highlights moreover that the cost-reducing strategies enacted by rural households to be competitive in value chains may entail substantial negative consequences for women (Key and Runsten, 1999) , since the use of cheap or unpaid family labour may be a strategy for smallholders to be competitive. A study on Senegal (Maertens and Swinnen, 2012) underlined that women benefit more from vertical integration when they are workers rather than contract farmers. On the other hand, cases where women started demanding wages for previously unpaid tasks, when these entered into formal value chains, are also reported and indicated as empowering (e.g. Reynolds, 2002, on tomato production in the Dominican Republic).
Abundant literature indicates that women have historically been excluded from contractual arrangements with private investors due to their limited direct access to land and control over productive resources (Schneider and Gugerty, 2010) . Many researches find gender-based differences by comparing participation among male and female-headed households: the latter generally participate less in contract farming with private investors and get smaller increases in income from crop selling (Benfica et al, 2006 and Boughton et al., 2007 on the Mozambican case).
The second of these studies find lower participation of female-headed households both in tobacco and cotton growing schemes (after controlling for asset endowment); the first doesn't find lower participation (controlling for assets), but finds lower revenues.
Widening the focus, we find evidence of lower access to cash crop production of female-headed households in and out of contracts; according to Evers and Walters (2000) this is due to a number of gender-specific constraints in access to markets: transport costs, security of property rights (namely on what concerns land) and the disruption of some ways to organize production that were favorable to women (e.g. cooperatives). In the Mozambican case, Daniel (2001) argues that women who are household head lack access to labour force and to cumulated savings that are needed to begin cash crop production.
Context, data and descriptive statistics
In this paper, we explore these research questions in the context of Mozambique, exploiting the rich panel dataset offered by the Trabalho de Inqérito Agricola (TIA), collected by the Mozambican Ministry of Agriculture (MINAG) in collaboration with Michigan State University (MSU). Panel waves are in 2002 and 2005 and-selecting observations in order to obtain a balanced panel-we end up with 4,014 households 1 . The sample is exclusively rural.
The 2000s have been years of important growth rates for the Mozambican economy, but with limited results in terms of poverty reduction, especially in rural areas (Cunguara and Hanlon, 2010) . The structure of land ownership is characterized by very small landholdings: according to Hanlon and Smart (2014) the median size of a plot of land in Mozambique is 1 ha.
In Mozambique, households where the household head is a woman are, according to TIA data, 22.98 per cent of the sample in 2002 and 26.75 per cent in 2005. According to the National Statistical Institute, in 2011 they are a bigger share, i.e. 36 per cent, (Morgado and Salvucci, 2016) . They are on average poorer households (Arndt et al., 2011) , with smaller plots and less access to inputs (FAO, 2005) . There is evidence of a gender divide in agricultural productivity: Morgado and Salvucci (2016) find a 20 per cent productivity gap in the centre and north of Mozambique (while non-significant differences in the south). Female-headed households have smaller plots: because of an inverse relationship between size and productivity, they appear more productive, but this difference disappears when controlling for land size. In their study, Morgado and Salvucci find that between 10 and 20 per cent of the productivity gap is explained by factor endowment, while the rest should be ascribed to other factors, i.e. technical efficiency, pure discrimination and unobservable characteristics.
In this paper we aim at studying also within-household inequalities, with special attention to access to productive resources and services. The Mozambican context is characterized by important work of women in the family plots, but there is evidence of a lower access to markets (Boughton, 2007) . According to Arndt et al. (2011) , women farmers allocate similar time to agrarian work as men, but relatively more time on food crops than on cash crops. In a study on Zambezia, De Brauw (2015) shows that women are less likely than men to manage the plots that they control, but there is no evidence that women manage lower quality plots.
The descriptive statistics of the TIA balanced panel 2002-2005 are displayed in Table 1 .
1 In the survey, attrition was relatively low (17,3 per cent, i.e. 804 households were not tracked). These are dropped from the analysis (Mather et al, 2008) . Contract farming in Mozambique is especially relevant in cotton and tobacco growing, that are productions concentrated in the centre/north of the country. Contract farming in these two main cash crops is based on a concession system: it entails an exclusive sale agreement that binds smallholders to sell to that company and in principle requires that the company supports smallholders in the production process.
A first step is to identify who are the farmers who participate in contract farming agreements. We know, for each cultivated crop, which is the main sale outlet, among which one can be companhia fomentadora (the supporting company, which is the way the buyer company is defined). A household that has a contract farming agreement is a household who has a 'supporting company' as main outlet for at least one cultivated crop. The number of households that are in a contract is 254 in 2002 (6.19 per cent of the sample) and 323 in 2005 (7.87 per cent of the sample). The most represented crops are indeed cotton and tobacco: 32 per cent of cotton growers and 53 per cent of tobacco growers have a contract.
Households that are part of contract farming agreements significantly differ from households that are not; these differences are significant in an important set of variables (Table 2) , especially asset endowment, access to inputs and access to services. 
Female-headed households and selection into (and out of) contracts
The first part of our analysis focuses on inequalities across households and especially between female-headed and male-headed households. Female-headed households are 23 per cent of the sample in 2002 and 27 per cent in 2005 (Table 1) .
There is evidence of a negative correlation between being a female-headed household and participating in contracts, both looking at Table 2 (first row) and to Table 3 . If among male-headed household, on average 7,2 per cent are in contract farming arrangements, this share decreases to 2,9 per cent among female-headed households. As discussed in the literature review, female-headed households share a number of characteristics (that may be themselves the product of unequal distribution of resources and entitlements) that may explain their limited access to contract farming arrangements. They display significant lower access to extension services, to inputs such as fertilizers, and to the possibility of hiring workers. They moreover display significantly lower levels of education. Especially, they have systematically poorer outcomes in terms of food security and food production, which are among the determinants of access to contracts (Navarra, 2017) .
Our data confirms what is highlighted in previous works in terms of income and land: households where a woman is the household head have smaller landholdings and are poorer. We focus on these two dimensions in Figures 1 and 2. If we compare participation in contract farming across both land and income quartiles, nevertheless, we still find significant gender-related differences (Table 4 ). We observe lower participation of female-headed households in contracts in all land quartiles 5 and in the first three income quartiles. Only in the richer quartile, the difference disappears. We then turn to a multivariate framework and look at the determinants of participation in contract farming in 2005 (Table 5) , through a Probit model. We control for a number of household characteristics: lagged asset endowment (land, fixed assets, land title, irrigation), lagged access to services (extension, association), lagged access to inputs (fertilizers, pesticides, etc.). We include a dummy capturing the fact of being in contract farming in 2002 7 .Among these, the dummy 4 Exclude top 1 per cent observations. 5 The same exclusion of outliers as in the previous graphs applies. 6 Differences are bigger in 2005 (not shown). 7 The result is robust also without controlling for this variable. indicating whether the households have a woman as head is always significant, both using the lagged (Col. 1) and the contemporary variable (Col. 3). The result is robust controlling for productivity (measured as food production per hectare) as shown in Col 3, and it is robust to a specification with district fixed effects (Col. 4). It is to be noted that controlling for district fixed effects increases the difference between male-and female-headed households.
This specification highlights that female-headed households are about 4,5 per cent less likely to enter into contracts, also after controlling for other households' characteristics, such as education, assets, access to inputs and observable variables measuring market access. These differences are significant, even though they are smaller than the unconditional difference, which was about 13 per cent: the controls in fact capture the bigger part of the women's disadvantage, but do not explain all of it. 
Impact of contract farming on within-household gender inequalities
The aim of this paper is also to introduce intra-household measures of women empowerment and gender inequalities. We focus on measures of empowerment that are related to agrarian production. This of course excludes several other possible measures; the choice is both due to data availability and to the hypothesized effects of contract farming.
We therefore look at two categories of variables, each measured by two variables:
A. Women's control over assets:
1. dummy variable indicating if at least one plot is under the responsibility of a woman both for production and sales;
2. change in the number of plots under the responsibility of a woman for production 9 .
These indicators are similar to those used by de Brauw (2015): while he has information on 'control' over plots and on the identity of the person deciding which crop to grow, here we use the information whether a woman is responsible for production on a plot, and whether she is responsible for production and sales. This is relevant since women may be responsible for a plot without managing the income deriving from it (Navarra and Pellizzoli, 2012) . In 2005 (the only year in which we have information on both) 44 per cent of the households had at least one plot under the responsibility of a woman, but only 11 per cent had a plot under the responsibility of a woman both for production and sale.
B. Women's access to agrarian services:
1. dummy variable indicating if at least one women in the household is member of an association (conditional on the fact that the household has at least a member);
2. dummy variable indicating if at least one women receives extension services (conditional on the fact that the household is receiving extension services).
All these measures display significant correlations with the fact of being in contract farming arrangements. With respect to the signs, we observe that measures of women's access to assets show a positive correlation with contract farming, while measures of access to services display a negative correlation (Table 6) . 9 Unfortunately the data does not allow us to calculate the same variable on the plots where a woman is responsible for both production and sales. How to identify whether these correlations correspond to causality relationships? Our identification strategy uses propensity score matching in order to identify a group, among the households that are not under contract, that is comparable to the households that are under contract. We then exploit, when possible, the variation in the outcome variables in the two points in time (this is unfortunately possible only for variable A2). We use the predicted values of a Probit model to identify, for each «treated» household (participating in a contract farming agreement) the closest non-treated, on the basis of observable pre-treatment variables. This allows identifying two groups that have the same probability to be treated conditional on a set of observables. These observables are measures of income, food production, asset endowment, access to inputs, and a vector of household characteristics, all measured at baseline (2002) 10 .
Exploiting the panel dimensions, we can observe movements 'in' and 'out of' the contracts. This allows us to identify 4 subgroups: those who never enter into contract farming, those who are always 'in' (in both our points in time), those who were in a contract in 2002 but are not anymore in 2005, and those, on the contrary, who were not in a contract in 2002, but are in 2005 (for a more detailed description of the four groups, see Navarra, 2017) . The groups and the respective magnitudes are the following:
1) households that are never in contract farming N=3618;
2) households that were not in 2002, but are in contract farming in 2005 N= 232;
3) households that were in contract farming in 2002, but stopped by 2005 N= 163; 4) households that always are in a contract farming agreement N=91.
The analysis is restricted to group 1 and 2, thus we exclude the households that were under contract in 2002 at baseline. This allows comparing, among the households that were not under contract in 2002, those who entered into a contract farming agreement and those who did not. The households that enter into contract farming between 2002 and 2005 start from a comparable income level with respect to the others, but have a greater increase between the two waves.
Dependent variables are therefore:
(1) y = is at least one plot under women's responsibility both for production and sale? (dummy in 2005);
(2) y = (NplotsT,2005 -NplotsTT,2002 ) -(NplotsC,2005 -NplotsC,2002 ;
(3) y = does a woman receive extension services, conditional on the household receiving extension? (dummy in 2005);
(4) y = is a woman member of an association, conditional on the household having at least a member? (dummy in 2005).
In specifications 1, 2 and 3 the selection equation includes province-fixed effects 11 , while in specification 4 this is no more the case (for lack of observations). Table 7 displays the average treatment effect on the treated (ATT) on the outcome variables mentioned above, where by 'treatment' we mean the fact of being in an contract farming agreement in t1 (2005).
These treatment effects are calculated with a one-to-one match and the Abadie-Imbens (Abadie and Imbens, 2016) standard error is calculated, in order to take into account that propensity scores are estimated. The effect of contracts on control over land -which displayed a positive correlation in the descriptive statistics -is not significantly different from zero: we cannot claim a causality link (contract farming increasing women control over land), but correlations have probably to be ascribed to selection effects. The same is true for association membership, which in Table 6 showed a negative correlation with participation in contracts.
On the other hand, we find a significant and negative effect of entering into contract farming arrangements on the probability that -if the household receives extension services-these services are addressed to a woman within the household.
A usual critique to propensity score matching techniques is that it only allows for selection on observables. As a robustness check, we use the Abadie semi-parametric difference-in-difference (Abadie, 2005; Houngbedji, 2016) . This uses a reweighting technique to address the imbalance of characteristics between treatment and control group, in order to make the assumption of parallel trends in the outcome variables between the two groups more credible. We only focus on the outcome variable of which we know the variation over time, i.e. the change in the number of plots under the control of a woman (in the production phase). The previous result holds: the effect is again positive, but not significantly different from zero. 
Discussion
Our work is divided into two parts: the first analysing the gendered differences in access to contract farming agreements, and the second analysing the impact of contract farming on measures of withinhousehold women empowerment.
In the first part we find that female-headed households have lower probability to enter into contract farming arrangements. This holds also after controlling for assets, access to inputs, education level, connection to the market. Female-headed households display significant disadvantages in most of these measures and this disadvantage explains most of their lower probability to enter into contract farming. Still, after controlling for these, there is a negative effect of having a woman as household head on the probability of being in contracts. This result indicates that there may be some 'pure discrimination' effect at work (Morgado and Salvucci, 2016) . It is to be noted that this result doesn't change also after controlling for productivity, measured by food production per hectare, which rules out the possibility that the exclusion from contract farming depends on lower productivity of women-managed plots. This is consistent with the qualitative evidence discussed in Navarra and Pellizzoli (2012) : in the absence of specific actions devoted to women inclusion, women farmers are dropped out of contract farming agreements. This is not related to a supposed women's 'disconnection from the market': women participate in market activities and have livelihood strategies that include crop marketing, although they may display a greater attention for food production and have access to more limited markets than men. Although there is evidence of a productivity gap (Morgado and Salvucci, 2016) , Navarra and Pellizzoli (2012) do not find that this is a major determinant of exclusion from contracts. In their qualitative analysis, they report interviews where private investors define women as 'excellent farmers'. These investors point at the 'traditions' as a burden that keeps women behind. At the same time, the interviewed women farmers declare that traditional gender roles are indeed a burden for them, but that 'things are changing'. They consider education as the major problem: they are often illiterate and thus have limited access to information.
The second part of the paper focuses on the impact of contract farming on some indicators of women empowerment within the household. Before controlling for selection, we find a positive correlation of contract farming with women´s control over production and sales of crops, but negative correlation with women's association membership, and with women's access to extension services. After controlling for selection, the only robust result is the negative impact on the probability of women receiving extension services (conditional on the households actually receiving extension). In the literature we found both elements pointing at positive and at negative effects of contract farming on women control over assets and access to services. For most indicators, the effects seem to cancel out. In case of access to extension services, on the contrary, the negative effects seem to prevail. This is coherent with the observation that usually contracts are in the man´s name (Navarra and Pellizzoli, 2012) , which implies that all services provided to the households in the framework of the contract are channelled towards men. Even if we assume that providing extension services to any member of the households produces knowledge spillovers to all active members, the identity of the recipient is likely to matter. There are reasons to think that extension could be empowering: it may define who is the knowledgeable person in the households in terms of a specific crop or technique, thus establishing social recognition effects, and it can provide social capital, connections, and mobility opportunities.
Concerning access to land, the correlation is, on the contrary, to be ascribed to selection: households that display a greater women's control over land are also more likely to enter into contracts. This deserves more exploration in the future steps of the work. The fact that contract farming does not produce significant effects in control over resources is consistent with their little impact on the structure of households' production. Overall, it seems that patterns of production do not shift substantially, i.e. that households entering into contracts do not abandon food production, and that cash crop is a complement rather than a substitute for production of staple crops (Navarra, 2017) .
Conclusions
In this paper we analyse gender inequalities both across and within households in Mozambican rural contexts. In the first part we observe the selection of households into contracts and we find systematic evidence of a negative effect associated with being a female-headed household. This is globally consistent with the existing literature, but still needs further analysis, since the result is robust to several controls: asset endowment, access to inputs, market access, productivity measures. It can relate to social norms and stereotypes in gender roles, to social capital and information network measures, or to other channels of discrimination. Since there is evidence of a positive impact of contract farming on income (Navarra, 2017) , this selection pattern indicates that contracts may have had a gender-inequality-increasing effect across household.
The main contribution of this paper is nevertheless to couple this approach with an analysis of gender inequalities within households. We focus on indicators measuring women empowerment with respect to control over assets and access to services, thus focusing on the role of women as farmers. Several other indicators may be used to measure women empowerment, but our main predictions derived from the literature focused on control over resources and services. In the descriptive statistics, we observed a positive correlation of contract farming with women control over land and production, and a negative one with access to services (extension and associations). After controlling for selection bias, the positive effect on control over resources disappears, as well as the negative effect on the participation in producers' associations. Contracts, at the same time, have a negative impact on the probability that women receive extension services when their household does. This can have an inequality-increasing effect since extension services can be a source of empowerment and relative bargaining power within the household.
In terms of policy this work does not aim at reaching a conclusion on the 'pros' and 'cons' of contract farming. It simply underlines that emerging market opportunities per se do not mean that women will be necessarily included and empowered, or that gender inequalities will be reduced. Deliberate actions are likely to be needed in this direction. The analysis of possible actions is beyond the scope of this work, but is an important line of research for future works.
This analysis of course has a number of limitations. First, more investigation should be done on the mechanisms of female-headed households' exclusion patterns (and thus on possible policy implication). Second, alternative indicators of within-household women empowerment can be used. Some of them, unfortunately, show too little variation, e.g. the number of plots in the man's or woman's name that have a land title. Some other indicators cannot be constructed because of lack of appropriate data, e.g. time use patterns, that would allow to see whether the work load of women is significantly affected by contract farming agreements. Last but not least, a similar analysis with more recent data might show what changes have occurred in the last decade. 
